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(54) Remote testing of a communications line 

(57) Apparatus and method for remotely measuring 
characteristics of a communications line (4) wherein a 
receiver unit (8) is connected a remote end of line (4) 
between conductors (10.12) of the line (4) and a sender 
unit (6) is connected to the other end of line (4) between 
conductors (10.12). On depressing a function key or 
button on receiver unit (8) representative of a character- 
istic of line (4) to be measured, the receiver unit has a 
signal generator which transmits a unique signal or 



code Identifying the characteristic to the sender unit (6) 
along line (4). The sender unit (6) detects the unique 
signal and passes the signal to a microprocessor which 
controls switching means to connect the corresponding 
circuitry between conductors (10.12), based on the 
unique signal or code, to allow the characteristic to be 
measured. 
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Description 

This invention relates to a method of. and appara- 
tus for, renxitety testing a communications line, and 
nwre particularly to a method of. and apparatus for, test- s 
ing a communications line to ascertain its suitability; 
under high frequency transmissions, for transmitting 
data at high bit rates. 

There is a need to conduct tests and perform meas- 
urements on a communications line, including a tele- 10 
phone line, such as the characteristics of line loss, noise 
and resistance. This is so that the line's suitatMHty for 
high frequency digital systems like pair gain, basic rate 
ISDN and Internet connections can be established. 
Generally, at high frequencies, the loss in signal magni- is 
tude is much higher than at lew frequencies. For exam- 
ple, at 100kHz. the line bss can be as much as 45 Db 
for a small pair gain system. This is primarily due to the 
increase in inductance on the line as frequency 
increases. A Plain Ordinary Telephone Servfce (POTs) 20 
line can often tolerate adverse transmission corxiitions 
caused by bridged taps, split pairs, poor joints and low 
insulation resistance. However, these conditions seri- 
ously affect the operation of high frequency digital sys- 
tems and therefore must t)e identified. 25 

Previously there has been no known method of 
measuring line loss and performing other measure- 
ments remotely from the receiving end of a comnrunica- 
tions line. One arrangement has consisted in setting up 
identical measuring instruments one at each erxi of the 30 
line under test Each instrument is very expensive and 
furthermore, switching of the instruments t>etween (Af- 
ferent functions to t>e measured has to be performed 
manually. There is also known Australian Patertt Na 
604878. in the name of the applicant which cfisdoses a 35 
system for remotely disconnecting and short-circuiting a 
pair of conductors. However, tfie system disclosed 
therein does not facilitate remotely switching t>etween a 
plurality of measurement functions such that the 
required circuit elements to enat}le such measurement 40 
are connected to the connmunications line at txTth erxis 
of tiie line, that is. the sender end and the receiver end. 

The present invention provides for an apparatus for 
renxTtely measuring characteristics of a communica- 
tions line including: 45 

receiver means for connection to a remote end of 
the communications line; 

sender means for connection to the other erxJ of the 
commurucations line; so 
said receiver means generating a signal in 
response to a selection of one of a plurality of char- 
acteristics of said line to t>e measured; 
said signal uniquely representing said selected 
characteristic; ss 
said signal being transmitted along the communica- 
tions line toward the serxJer means; 
said sender means having detection means for 



detecting said signal, and switching means; 
such that on detection of said signal and. on the 
basis of tiie unique representation of the signal, tiie 
switching means is controlled so as to connect pre- 
determined circuitry across the line at said other 
end and at said remote end to enat}le a selected 
characteristic of the line to be measured. 

Preferably, said signal is generated by signal gener- 
ation means and is assigned a unique code, such as a 
sequence of pulses representing characteristics to be 
measured. 

Preferably, when the signal is detected by said 
detection means, said signal is converted into a digital 
code and forwarded to a processing means, such as a 
microprocessor, which controls the switching means on 
the basis of the dig'rtal code representing the signal. 
Preferably, said switching means is in tiie form of a set 
of relays. 

The present inventfon also provides for a method of 
renrxitely measuring characteristics of a communica- 
tions line, including the steps of: 

connecting receiver means to a remote end of the 
communications line; 

connecting sender means to the other end of tiie 
communications line; 

causing the receiver means to generate a signal in 
response to a selection of one of a plurality of char- 
acteristics of said line to be measured, said signal 
uniquely representing said selected characteristic; 
transmitting said signal abng the communications 
line toward the sender means; 
detecting said signal through the sender means 
and, on the t}asis of the unique representation of 
the signal, controlling switching means to connect 
pred^ermined drcurtry across the line at said other 
erxi and at said renxste erxi to enatsle a selected 
characteristic of the line to be measured. 

The invention wr1l new be described in a preferred 
emtxxliment by way of example only, with reference to 
the accompanying drawings wherein: 

RgiFe 1 Is a block diagram of a corrmujnications 
line having receiver unit arxi sender unit connected 
to each end of the line; 

Rgure 2 is a front view of the receiver unit panel; 

Rgure 3 is a block diagram showing an example of 
the operation of the sender unit in response to a 
signal being generated at the receiver unit; 

Rgure 4 is a t)fock diagram of the intemal circuitry 
of the receiver unit; 

Rgure 5 is a block diagram of circuitry required for 
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a 3kHz loss measurement; 

Figure 6 is a block dagram of circuitry required for 
an 820 Hz loss measurement; 

Figure 7 is a block dagram of circuitry required for 
a 100kHz loss measurement; 

Figure 8 is a block diagram of circuitry required to 
perform noise measurements on the communica- 
tions line; 

Figure 9 is a block disgram of circuitry required to 
detect spirt pairs of a communications line; 

Figure 10 is a block diagram of a communications 
line set up to measure insulation resistance on the 
line; 

Figure 1 1 is a block diagram of a communications 
line set up to measure loop resistance on the line; 

Figure 12 is a block d'egram of a communications 
line set up to measure DC voltage on the line; 

Figure 13 shews circuitry in the sender unit and a 
probe unit at the other end of a communications line 
to identify pairs of conductors of the line; and 

Figure 14 is a block diagram of an exchange 
through connection. 

Rgure 1 shews apparatus 2 for performing test 
measurements on a communications line 4 having con- 
ductors 10 and 12. At the exchange side of the line 4, 
sender means in the form of a sender unit 6 is con- 
nected between conductors 10 and 12 at terminals 14 
and 16 and at the receiver end of line 4 is connected 
receiver means In the form of a receiver unit 8 at termi- 
nals 18 arxl 20. Alternatively the sender unit 6 can be 
connected across line 4 at a pillar or pit. Receiver unit 8 
is used to cfisplay test resuHs on line 4 arxi to remotely 
control the sender unit 4. Adcfitionally a probe unit is 
used for identification of a pair of conductors of the line, 
to be described later. The apparatus 2 is able to connect 
and disconnect a short-circuit (strap). While the line 4 is 
short-circuited, the apparatus 2 nrtay decode signals 
transmitted from receiver unit 8 to sender unit 6. 

Apparatus 2 is able to perform a number of tests or 
measurements including the characteristics of line loss 
measurements at various frequencies, noise on the line 
4, insulation resistance, loop resistance and DC volt- 
age, ail remotely from receiver unit 8. It also is capable 
of performing tests for split pairs of conductors using 
capacitance unbalance and pair identification and ena- 
bles connection or disconnection of the conductors from 
the exchange. The pair identification and remote con- 
nection and disconnection is described in Australian 



Patent No. 604878. 

In Rgure 2, there is shewn a receiver unit 8 havir^g 
fonction keys or buttons 22. The user may depress a 
particular key and the required function is switched into 

5 the line 4. The measured value is then displayed on the 
multi-character alpha-numeric LCD 24. 

Rgure 3 shows an example of the apparatus 2 in 
operation. With the sender unit 6 and receiver unit 8 
connected at respective ends of communications line 4. 

10 the user at the receiver end may depress any required 
button 22 to perform a test on the line 4. In depressing a 
button 22. a signal is sent to a signal generator 26 which 
emits a coded series of pulses at 171 Hz, each coded 
series of pulses representing a signal for each test fonc- 

15 tion. For example, to test for line loss at 1 0OkHz. the sig- 
nal may be represented a sequence of two pulses, 
followed by no pulse arxi then one more pulse. This sig- 
nal is transmitted over line 4 to serxJer unit 6 whereupon 
the signal is filtered by filter 28 and detected by detector 

20 mearis 30. The sequence is then converted or trans- 
lated into the digital code 1 101 arxJ transmitted to proc- 
essor means in the form of microprocessor 32 which 
directs or switches switching means 34 in the form of a 
bank of relays 34, such ttiat the appropriate relay allows 

25 predetermined circuitry based on the code, to be con- 
nected between conductors 10 and 12 of line 4. In this 
example, code 11 01 is for the 1 00 Khz oscillator. There- 
fore its relay is closed and ti^e 100 Khz oscillator in 
sender section 36 is connected between the conductors 

30 10arxJ12. 

It is to t>e noted that any other form of switching 
means may be used, such as those fabricated from 
semiconductors as is well known in the art. 

Connection to the conductors 10 and 12 of various 

35 circuit elements for each test function will now be 
descrfoed with reference to Rgure 4. 

In Rgure 5 there is shown a circuit in which line 4 is 
t>eing measured to determine a value for a 3 Khz loss. 
When a txjtton 22 corresponding to a 3kHz loss meas- 

40 urement is depressed, the code is sent to the sender 
unit 6, as desaibed previously, and the circuitry at sec- 
tion 36 is connected t)etween the conductors 10, 12. 
Spedf ically. a 3 Khz oscillator 38 and a impedance 40 is 
connected, the impedance 40 t>eing 600n or TN 12. 

45 The exchange side of the line 4 is Txjsied" by ttie inser- 
tion of a 990n res^r so that incoming calls are not 
connected through to line 4. In operation a 3 Khz. - 
lOdBm sinusoidal signal is connected to the line at the 
sender and the receiver unit 8 measures the line toss. A 

50 600n resistor or TN12 termination 42 is inserted 
between conductors 10 and 12 at the receiver unit 8. 
The sinusoidal signal is tfien switched by relay 48 
through to amplifier 50. filter 44 and rectifier 52 t>efore 
t>eing averaged and passed onto analogue to digital 

55 converter (ADC) 56. Therefore, voltmeter 46 measures 
the signal magnitude and is converted to a decfoel read- 
ing and output to LCD 24 of the receiver unit 8 so as to 
give a loss reading. 
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Similarly in Rgure 6, to determine the loss on line 4 
at 820Hz, the appropriate button 22 is pressed. At the 
sender unit 6, a 820Hz osdilator 60 and 600n or TN12 
impedance 58 is connected between the conductors 10 
and 12. An 820Hz. -lOdBm sinusoidal signal is transmit- 
ted down the line 4 toward receiver unit 8 and the line 
loss measured. The signal is switched by relay 62, then 
amplified, filtered, rectified arxi averaged before pass- 
ing on to ADC 56 for conversion into decibels from volt- 
meter 68. 

In Rgure 7 is shown a droiit arrangement for 
measuring loss on line 4 at 100kHz. Again a corre- 
sponcEng button 22 is pressed, a signal generated by 
generator 26 and coded and transmitted to sender unit 
6. A 100kHz oscillator 70 and complex impedance 72 
having a value of (120-j23) n is connected in the line 4 
based on the assigned code. A 1 0OkHz, 0 Dbm sinusoi- 
dal signal Is sent down line 4. To minimize reflections on 
line 4 a matched inpedance 74 having the same mag- 
nitude of impedance 72 is connected between conduc- 
tors 10 and 12. This is after the signal has passed 
through relay 76. amplifier 78. filter 80. rectifier 82 and 
averager 54. The signal is then forwarded to ADC 56 
after being read by voltmeter 84 and then converted to 
dedbels to t>e read on LCD 24 as a loss at 100kHz. 

To measure the amount of noise on line 4. a 6000 
resistor 86 is connected between conductors 10 and 12 
when the appropriate button is depressed on the 
receiver unit 8. as shown in Rgure 8. A conesponding 
600n resistor 88 is connected on the receiver side of 
line 4. The signal is switched through relay 98 before 
being amplified by gain amplifier 100. A 3 Khz filter 102 
is applied to the signal resulting in a 3 Khz flat noise sig- 
nal from which a measurement is taken after it is applied 
to a peak detector 104 and buffered. Voltmeters 90. 92 
and 94 measure the received noise signal t>elween the 
conductors 1 0 and 12 and between each conductor and 
ground. The readings from the voltmeters is then con- 
verted to decibels and applied to ADC 56 to be read out 
on LCD 24. 

To detect split pairs, capacitive unbalance is meas- 
ured on line 4. The line 4 is effectively open-circuited at 
the sender unit 6 as shown in Rgure 9. The receiver unit 
8 measures the capacttive unbalance of the conductors 
10, 12 to ground through voltmeter 118. Relay 108 is 
closed to enat)le the receiver circuitry, wherein a 3 Khz 
oscillator 110 is fed to each input of amplifier 112 
through appropriate impedances 1 14 and 116. The out- 
put of amplifier 1 12 is passed through filter 44 and then 
fed to the ADC 56 via rectifier 52 and averager 54. The 
LCD readout 24 displays the measured value. 

To measure the insulation resistance on line 4, the 
sender unit 6 is connected to line 4 so that it is in the 
open-circuit condition as shown in Rgure 10. Generally, 
insulation resistance is measured at high voltage, typi- 
cally using a 500VDC source, as many of the digital sys- 
tems mentioned previously are tine powered by 
voltages up to 320VDC. Nothing is connected between 



the terminals in accordance with the specific code 
received t^y tiie sender in response to the I R button 
k>eing depressed on the recover unit 8. In the receiver 
unit the insulation resistarrce is measured between the 

5 conductors 1 0 and 1 2 and between each conductor and 
ground via ohm meters 124, 126 and 128. The signals 
are then anrplrfied by amplifier 122 and a digital readout 
of the measured values is shown on LCD 24. Each test 
performed by the receiver unit 8 is continued for akx)ut 

10 20 seconds so as to allow enough time for weak insula- 
tion to fail. The line 4 is then discharged on completion 
of the test 

Rgure 1 1 shows the apparatus set up to measure 
loop resistance on line 4. At tfie sender unit 6 the appro- 
15 priate code is set to operate relay 1 34 such that the con- 
ductors 10 and 12 are short-circuited and therefore the 
line 4 is kx)ped at 130. The loop resistance is measured 
by ohmmeter 132 arxJ the signal amplified by amplifier 
122 before being output to the LCD 24. In this kx)p 
20 mode, the receiver unit 8 may have terminals to facilitate 
the connection of external test instruments such as 
Pulse Echo Testers (PETs). Direct Reacfing Bridges and 
Multimeters. This enables calibratbn of the PETs and 
tests for finding k>ridge fault kx^ons. 
25 Furthermore, while the line 4 is short-circuited at 
the sender end. the sender unit 6 can still decode or 
detect the unique control signal transmitted by signal 
generator 26. which is representative of another charac- 
teristic of the line 4 to t>e measured. It does tfiis by use 
30 of a current transformer which receives the signal whilst 
in this short-circuit nKXie of operation. 

To measure DC voltage on line 4, the line is opened 
or isolated from the exchange and all sender unit cir- 
cuitry, that is. it is put in an open-circuit condition. Volt- 
es ages between the corxiuctors 10 and 12. and between 
each conductor and ground are measured t)y voltmeters 
136. 138 ard 140, referring to Rgure 12. The voltage 
signals are applied through relay 142 to gain amplifi^ 
144 arvi full-wave rectifier 146, before being converted 
40 to digital form and read out on LCD 24. External instru- 
ments can also be connected to terminals on reefer 
unit 8. 

Pair identification may be undertaken on telephone 
lines for the purpose of locating a fault or for installatkm 

45 of a telephone to be connected t>etween a pair of lines. 
A warble tone oscillator 148 having a frequency 
t^etween 2 and 3kHz is connected at the send^ unit 
between the pair of conductors to be identified, as 
shown in Rgure 13. A source impedance 150 of 600 

50 ohms is also connected between the pair of conductors 
10 and 12. The tone is sent down the line 4 and. at the 
remote erxJ, a probe unit 152 is used to detect the tone 
which is converted to an aucfio output. The audio output 
indicates to tfie user that the correct pair of conductors 

55 ^ identified as having the loudest signal arxi ttte area of 
no signal, or null, is located nrvdway between the con- 
ductors. The wart)le oscillator may be connected 
between the conductors either at the sender unit 6 or 
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means of said signal, said signal is converted into a 
dgita] code. 

5. Apparatus according to daim 4, further including 
5 processor means for receiving and processing said 

dgital code representing said signal. 

6. Apparatus according to daim 5 wherein said 
switching means is controlled by said processor 

10 means to connect said predetermined drcuitry on 
the basis of the particular code received and proc- 
essed by said processor means. 

7. Apparatus according to any one of the previous 
15 daims wherein said selection of one of a plurality of 

characteristics is made by depressing a respective 
button on said receiver means. 

8. Apparatus according to any one of the previous 
20 daims wherein said signal is a low frequency sig- 
nal. 

9. A method of remotely measuring characteristics of 
a communications line, induding the steps of: 

25 

connecting receiver means to a remote end of 
the communications line; 
connecting sender means to the other end of 
the communications line; 

30 causing the receiver means to generate a sig- 

nal in response to a selection of one of a plural- 
ity of characteristics of said line to be 
measured, said signal uniquely representing 
said selected characteristic; 

35 transmitting said signal abng the communica- 

tions line toward the sender means; 
detecting said signal through the sender 
means and, on the bas^ of the unique repre- 
sentation of the signal* controlling switching 

40 means to connect predetermined drcuitry 

across the line at said other end and at said 
remote end to enable a selected characteristic 
of the line to be measured. 



from the receiver unit 8 remotely. The frequency of the 
wsstHe tone is acQustable so that two or three senders 
can be distinguished. 

With reference to Rgure 14, the conductors 10 and 
12 are connected directiy to the exchange and there is 
no 930 ohm resistor. The connection is again controlled 
by receiver unit 8 generating a suitat)le code to the 
sender unit 6 so that the conductors are directly con- 
nected to the exchange. The receiver unit 8 then is able 
to measure DC line voltages between the conductors 10 
and 12 and between each conductor and ground 
through voltmeters 154, 156 and 158. 

The sender unit 6. receiver unit 8 and probe unit 
152 are each powered by 9V alkaline batteries. The 
sender unit can also be powered from the 48V to 52V 
DC exchange battery via standard MDF t>attery jacks. 
Power saving measures are employed to maximise the 
t)attery life. The receiver unit 8 switches off after a 
period of inactivity to conserve power. 

1. Apparatus for renxitely measuring characteristics 
of a communications line induding: 

receiver means for connection to a remote end 

of the communications line; 

sender means for connection to the other end 

of the communications line; 

said receiver means generating a signal in 

response to a selection of one of a plurality of 

characteristics of said line to be measured; 

said signal uniquely representing sakJ selected 

characteristic; 

said signal t>eing transrrdtted ak)ng the commu- 
nk^ations line toward the serxier means; 
saki sender means having detection means for 
detecting said signal, and switching means; 
such that on detection of ssad signal and, on 
the t>asis of the unique representation of the 
signal, the switching means is controlled so as 
to connect predetermined drcuitry across the 
line at sakl other end and at saki remote end to 
enable a selected characteristic of the line to 
be measured. 

2. Apparatus according to daim 1 wherein sakl signal 
is generated by signal generation means and is 
assigned a unkjue code such that sakl unkjue code 
is representative of a characteristic of the line to be 
measured. 

3. Apparatus according to daim 2 wherein sakl signal 
assigned a unkfue code is represented by a 
sequence of pulses. 

4. Apparatus according to any one of the prevbus 
claims wherein, on detection by said detection 



45 ia A method according to daim 9, further induding the 
step of assigrting a unique code to saki signal after 
being generated at said receiver means such that 
said unique code is representative of a characters- 
tic of tiie line to t>e measured. 

50 

11. A method according to daim 10, further induding 
representing sakl unique code as a sequence of 
pulses. 

55 12. A method according to any one of daims 9 to 11 
wherein sakJ detecting step is conducted by detec- 
tion means forming part of tiie sender means. 
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13. A method according to daim 12 wherein following 
the detecting step, said signal converted into a 
digital code. 

14. A method according to daim 13 wherein the con- s 
trolling step Is conducted by processor means, said 
processor means receiving and processing the dig- 
ital code representing said signal. 

1 5. A method according to claim 1 4 wherein the switch- io 
ing means is controlled by said processor mess to 
connect said predetermined circuitry on the basis of 
the digital code recced and processed by said 
processor means. 

IS 

16. A method according to any one of claims 9 to 15 
further including depressing a respective button on 
said receiver means to enable said selection of one 
of a plurality of characteristics. 
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